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| am glad that SU: WB & AN, GSI Eastern Region, Kolkata is bringing out a special volume titled 'West Bengal: An Ultimate Destination for the 


Geoscientists' to highlight and showcase the pictorial presentation of varied features pertaining to the diverse geological domains of West Bengal ranging 
in age from Precambrian to Recent. 


A plethora of data sets covering wide aspects of geoscientific studies have been generated over the years by different stalwart workers of SU: WB & AN. 
However, a major hurdle was the consolidation of relevant photographs having immense geoscientific values under a single umbrella. 


The state of West Bengal represents a classic framework of heterogeneous landmass comprising of mighty Himalayas, high grade Proterozoic schistose 
rocks of Puruliya, Gondwana sediments with rich coal resources, Siwaliks and vast stretches of Indo-Gangetic Plains. The state of West Bengal holds an 
important role in mineral production of the country. In terms of value, the state accounts for 3.8% of mineral production in India and hosts various metallic and 
non-metallic mineral deposits like coal, china clay, fire clay, apatite, dolomite, limestone, silica sand, base metals, wolframite, having widespread economic 
importance. A wide array of information on intricate structural features related to Main Boundary Thrust (MBT) & Main Central Thrust (MCT), found in the 
seismotectonically active Extrapeninsular Himalayan region of West Bengal like thrusts, schuppens, folds and faults have also been incorporated in this 
volume. 


Sundarbans, a mangrove dominated complex ecosystem, which has evolved through progressive delta building activity of the Ganga-Padma river system 
comprises of a set of deltaic landforms like inter-distributary islands/marshes separated by intricate network of distributary channels/tidal creeks associated 
with tidal flats, levees and sub-aqueous bars. Sundarban National Park is a UNESCO World Heritage site and hotspot of biodiversity, which holds great 
significance across the globe. | am happy to learn that some prominent photographs from this deltaic system have been assimilated in this special volume. 
This will definitely have a far reaching significance before the commencement of field studies in the light of forthcoming IGC-2020. 

Bringing out a special pictorial volume will definitely help geoscientists, academicians, researchers and policy makers in visualizing the diverse geological 
domains of West Bengal. | strongly believe this book will gather fame and popularity among the public in general and earth science fraternity in particular. 


N [GteLo 
(N. Kutumba Rao) 
Director General, GS] 
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also shares international boundaries with countries like Nepal, Bhutan and Bangladesh. The state hosts geological units ranging from Precambrian 

age to Recent times, making it a storehouse of various minerals, rocks and fossils. A variety of economic deposits found in the state such as Coal, 
Apatite, REEs, Dolomite, Tin-Tungsten, Copper, etc...make it one of the important contributors to the Indian economy. Apart from its host of geological 
treasures, the state is unique in having a variety of geomorphological features starting from Himalayas in the North to the Bay of Bengal in the south. 


T= state of West Bengal is at the eastern end of India, sharing domestic boundaries with the states of Odisha, Jharkhand, Bihar, Sikkim and Assam. It 


This geologically diverse state is the envy of the geoscientific community of the country and the world. The Precambrian to Quaternary sequences found in 
the state comprise of Precambrian basement followed by huge coal reserves of Gondwanas, overlain by the vast tracts of alluvial plains belonging to the 
world's largest delta system- the Ganga-Brahmaputra Delta. Also the Quaternary sequences at Gangani (Bankura District) are similar to the Grand Canyons 
of USA which adds to its geological heritage Apart from its rich geological content, the state is unique among other states of the country as it has the 
Darjeeling Himalayas in the north as well as vast tracts of coastal areas in the Digha-Fraserganj-Namkhana areas. The state is also home to the world 
famous Sundarban Bio-Diversity region which has been designated as UNESCO World Heritage Site due to its vast mangrove plantations. 


All these features make the state of West Bengal an ultimate destination for all geoscientists which is why this coffee table book is titled 'WEST BENGAL: An 
Ultimate Destination for Geoscientists'. This Coffee Table book is a pictorial presentation of some of the famous and unique geological and geomorphological 
features seen in the state, curated by officers of SU: WB-AN. This book does not contain detailed discussions on the geology of the state however it is 
intended for light hearted technical discussions between geoscientists. 


The officers of SU: WB-AN are thanked for their tireless efforts that have gone into preparing this book. ADG, HOD, GSI ER is thanked for his inspiration, 
encouragement and financial support without which this book would not have been possible. 


“Happiness lies in the joy of achievement and the thrill of creative effort” 
---Franklin. D. Roosevelt 


We 


(Kamal Kumar Gangopadhyay) 
Deputy Director General 
SU: WB & AN, ER, GSI 
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ENTROoOUCTION 


nthe year 1963 we had been called for interview as prospective Assistant Geologists at the UPSC interview centre. The Chairman of the Board 

asked me if | knew about a geological window. As was expected | did not know about it but had to play along. | was asked to draw a cross-section 

and | very intelligently drew a butter-cake stratigraphy and put a valley at its center and said the window was the lower strata peeping out at the 
center of the valley. 


The Chairman perhaps knew even less about a geological window. He kept looking at it and did not make any remarks. The next candidate entered 
the hall shivering. He was asked whether he knew about a geological window. Before entering, my friend had asked me about what questions were 
asked. | explained the geological window as | drew it. The Chairman looked at his cross-section in a very glum manner and said “The earlier boy 
must have told you about the cross section. Now | want a geological window on a hill top”. Obviously he could not draw it. 


Little did | know that my respected colleagues would begin playing in a geological window in the Darjeeling Himalayas for the next several years. 
However, | did not have the good fortune of collaborating with them. 


Let me go many more years back. As a young boy | had read in one of the popular Bengali magazines (Probasi, or Bharatbarsa or Basumati) that 
somewhere near Garbeta under the supervision of the then District Collector, the skeleton of a human being was excavated. It was reported in that 
magazine that the skeleton belonged to a man nearly seven feet tall. However, since then, | have tried to get hold of any sort of confirmation about 
the incident and confess that it was one of those things which motivated me to read geology. When | read about the Olduvai Gorge in Africa where 
evidence of the earliest human population has been recorded, my mind travels back to what | had read as a boy. Is it not possible that some day 
some of our successors will be able to dig out human palaeo-remains from some of the red soils of West Bengal. 


Now our time is up but the time machine takes us back to our younger days when trekking kilometers after kilometers was not a chore but a pleasure. 


Good fortune has allowed me to have some acquaintance with the old metamorphic rocks of Odisha and Bihar but gneisses of Chhotanagpur 
remained beyond my reach. 


The Purulia Pumped Storage Scheme was visualized in the late seventies and early eighties. Nobody believed then that the reservoir would hold 
enough water to run a pumped storage scheme successfully at that place. Yet it is perhaps the first such scheme executed successfully any where 
within India. 


The green and white hills of the Himalayas point their spires at the blue sky above; the verdant green of the plains conceals so many mysteries; 
between the Rajmahal and Garo hills the concealed parts of the Bengal trough are so deep as to have been almost beyond the technical capabiff 
of drilling for oil. Since the eighties the discovery of the concealed coal belt of Birbhum promises to change the economy of West Bengal. 
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Come to Kolkata and little would you imagine that 6000 years before present, Kolkata was part of the Sundarban mangrove zone. The plains have 
been built up by the capricious interplay of rivers. Where the Damodar takes a southward turn, you can even see a cone, an old small delta 
pressing against the present river plain. The delta is clearly visible on a satellite imagery map. Nobody knows what underground resources are 
there. May be the next generation of workers can analyze and tell us what the prospects are. 


Rocks most peculiar are encountered in some of the hardrock areas. The lead-zinc- sulphides and magnetite rocks of the Garubathan areas can 
be globally interesting in terms of their origin. The mineralized zone from Purulia into Bihar may mark the northern extremity of a fundamental 
fracture zone which has been welded into the Indian subcontinent. 


On the eastern seafront, one would find lines of dune ridges stretching from Digha in West Bengal to Andhra Pradesh, punctured by such rivers as 
the Subarnarekha. Nowhere else would you find such a zone where the entire lateral width of Indian Geology has been squeezed by such a narrow 
pincer. 


The present book is a compendium of field photographs from West Bengal. 


Between the blue sky above, the red earth in between and the blue sea beyond, West Bengal beckons the earth scientists. May be one day it would 
yield even more secrets about her. 


Dr. Sujit Kumar Mazumdar 
Sr. Deputy Director General (Retd.) 


Lamprophyre dyke within 
siltstone bed in 
Raniganj coalfield. 


ushered in coal mining activities in this country in late eighteenth 
century. Major part of the coalfield lies in West Bengal with only the 
northwestern part spilling over to Jharkhand. 


Rie Coalfield is the birthplace of the Indian coal Industry that 


Earliest reference to coal exploitation is a memorial presented to the then 
Government by S.G. Heatly and J. Sumner in 1774. Heatly, Sumner and 
Redferne obtained the first mining right in Raniganj Coalfield and brought 
2500 maunds of Panchet coal in 1775. However, the coal was not accepted as 
it was found to be much inferior to that of British coal. Dwarkanath Tagore 
purchased the first Indian coal mine in Raniganj in 1832, which eventually 
became the Bengal Coal Company. Rupert Jones (1829) first published the 
geology of Raniganj Coalfield. Since then geology of the coalfield was 
referred to by a number of workers. During 1925-29, Fox, Auden, Gee and 
others mapped the entire coalfield on 4 inch = 1 mile scale which was 
published by Gee (1932). Gee's memoir forms the edifice for all subsequent 
geological surveys. 


Raniganj Coalfield is the only coalfield in India where the known resource of 
late Permian Raniganj Formation surpasses that of the Early Permian 
Barakar Formation and the coalfield is the storehouse of bulk of the superior 
quality non-coking coal of the country. As on 01.04.2017 the known resource 
of coal of Raniganj Coalfield in West Bengal is 24,806.59 million tonne. 
However, over a large part of the basinal area, the Barakar Formation has not 
yet been explored due to depth constraint which would have substantially 
increased the resource figure. 
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Dropstone within Talchir Boulder 
bed in Raniganj coalfield. 
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Barakar coal seam exposed inthe northern part of 
Raniganj coalfield in a mine face, ECL. 
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Coal mine in Raniganj coalfield. 
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Confluence of Rangit and Tista river. 


Darjeeling Himalaya 


Standing high; 

Touching the sky! 

To the north; 

The mighty Himalayas lie!! 

Every rock has a story; 

When walked across the latitude! 

All the way from South to North; 

Witnessed the metamorphosis with spiky attitude. 


Te Darjeeling Himalaya crowns the northern extremity of the state of West 


Bengal. Along the journey from south to north across the Darjeeling 

Himalaya, it reveals Quaternaries (Matiali-Chalsa Formation), Sub- 
Himalayan rocks (Siwalik Group, Gondwana Supergroup, mostly shale, sandstone 
and coal), Lesser Himalayan rocks (Daling Group, mostly phyllite, low grade schist, 
quartzite), Higher Himalayan rocks (Darjeeling Gneiss, mostly high grade granite 
gneiss-migmatite) to the eyes of the beholder. Darjeeling Himalaya is a part of the 
youngest fold thrust belt (Himalayan mountain belt) present in India. The structural 
discontinuities separating the major lithounits from south to north are: Main Frontal 
Thrust (MFT) separating quaternaries in south from Siwaliks in north, Main 
Boundary Thrust (MBT) separating Siwaliks in south and Gondwanas in north, 
Daling Thrust separating Gondwanas in south and Daling Group of rocks in north, 
Main Central Thrust (MCT) separating Daling Group of rocks in south and High 
grade gneisses in the north. Besides, a mylonitised granite named as 'Lingtse 
Gneiss' is present near to MCT. Darjeeling Himalaya is an unique epitome for klippe, 
nappe, window, brittle-ductile thrusts etc. The famous Gorubathan Pb-Zn deposit is 
hosted by the chlorite schist of Gorubathan Formation of Daling Group. Areas 
covered by Daling Group of rocks are most vulnerable to landslides. Siwaliks of 
Darjeeling Himalaya is a storehouse of plant fossils and classical sedimentary 
structures like ichnofossils, penecontemporaneous structures. Darjeeling 
Himalaya is a hotspot for advanced scientific research. It challenges geologists to 
work on ‘inverted metamorphic sequence’. 
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Aerial view of Mirik Road section. 
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Folding in migmatite band in Darjeeling gneiss,exposed near Dudhiya-Bungkulung road section. 
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Landslide prone zone near Kalij 
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Imprint of leaf fossil in Mudstone, exposed near Lish river section, 
Darjeeling District, West Bengal. 
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Wood fossil within siltstone exposed along Lish river section, Darjeeling District, West Bengal. 


Penecontemporaneous deformation structure within sandstone cil ish river; section’ 
Darjeeling|District}West Peng ; 
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Role of Engineering Geology in GSI for development of the country 


evelopment of a country depends upon its mineral resources, irrigation and power projects, industries, communication, technological 
development, and R&D projects. To adopt a pro-active role in this regard, Engineering Geology Division was introduced in GS] to unravel 

and solve the challenges of Geology in development of major water resources projects, investigation for rail as well as road 
communications and control natural hazards like landslide. Its immense contribution is visible in the construction of engineering marvels like 
Bhakra, Hirakud, Rihand, Tehri, Idukki, Tungabhadra, Srisailam and Nagarjun Sagar Dams, Salal and Uri HE projects, Naptha Jhakri HE Project, 
Maneri Bhali | & Il, Yamuna HE Projects, Damodar Valley Corporation Projects (all over India), Chukha and Tala HEPs in Bhutan - to name a few. 
Many rail-road alignment / tunnels, bridges, airport runways, thermal as well as nuclear power projects, urban agglomerations and multistoried 
building complexes and associated structures have been completed with active participation of GSI. 


The silent revolution in different fields of engineering geology has established the unquestionable leadership in this field of geology and GSI has 
become the pioneer and premier organization in India. 


The contribution of GSI in West Bengal is enormous for perspective developmental activities. GS! was actively associated from feasibility study t 
construction of a number of hydro-electric projects, namely 9OOMW Purulia Pumped Storage Project, 52MW Rammam Hydro-electric project 
(HEP), 35MW Jaldhaka HEP, dam for Bakreshwar Thermal Project and a number of mini and micro HEPs. Similarly, GS! rendered its expertise i 
construction of a number of irrigation and water ways projects including Kangsabati dam and Farakka barrage. A number of water supply project 
have also been constructed in Darjeeling district with active association of GSI. Preparation of Detailed Project Report (DPR) of 1OOOMW Turga 
Pumped Storage Project has been completed and construction will start soon. DPR of Manas-Sankosh-Teesta-Ganga link canal has been 
completed. 


In regard of slope stability studies, Landslide Hazard Zonation map on 1:50000 scale of Darjeeling district has been prepared for perspective 
project planning. Similarly, large scale Landslide Hazard Zonation map on 1:1000/5000 scale of different towns in Darjeeling district have also 
been prepared to mitigate slope instability. Stability study has also been made for landslides in hilly terrain to suggest remedial measures to 
contain the slope. In addition, stability study of extension of urban agglomeration, defense installation etc. have also been carried out in hilly 
terrain. GSI has also rendered its expertise to mitigate bank erosion of various rivers e.g. Ganga bank erosion in Murshidabad and Malda district: 
GSI was part and parcel for the development of the country and will be contributing in future also. 


Determination of geotechnical properties of rock and soil has immense importance as the data acquired is an essential input for designing a 
project. GSI has a well equipped rock and soil mechanics laboratory at Eastern Region, Kolkata where various engineering properties of rock an 
soil are being determined. GSI rendered these services not only to the projects associated with GSI but also to private entrepreneurs to meet thei 
demands. 
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Road Subsidence near Pyrani Jhora, Chibo village, 
Darjeeling District, West Bengal 
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Soil triaxial machine: 
This machine is used to determine the 
cohesion and angle of friction of rocks. 
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Digital soil triaxial machine: 
The machine is used to determine cohesion and angle of internal friction of undisturbed soil. 
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Direct shear test apparatus: 
The machine is used to determine the cohesion and angle of internal friction of disturbed soil. 


Soil triaxial machine (manual): 
The machine is used to determine the cohesion and angle of 
internal friction from undisturbed soil samples. 


near Isradanga, note the presence of sigmoidal tourmaline/tourmaline fish. 


Chotanagpur Gneissic Complex 


hotanagpur plateau always draws attention of the 

geologists as well as the visitors from all around 

the country and abroad. The uniqueness of this 
terrain is reflected upon by geoscientists right from the 
British period to the Independent India. The legendary 
film maker Satyajit Ray also attracted to the beauty of the 
area and has shown a glimpse of Joychandi Pahar, for its 
scenic beauty. This is the eastern most part of Central 
Indian Tectonic Zone (CITZ) arcuate E-W trending linear 
belt, and is in conformity with the curvature of 
Singhbhum Orogen in the south. Chotanagpur Gneissic 
Complex is separated from the Singhbhum Craton by a 
thick volcano-sedimentary sequence called North 
Singhbhum Mobile Belt (NSMB). Mainly the eastern 
portion of the West Bengal state exposes CGC. CGC 
comprises of gneiss-migmatite assemblage (75%) with 
various enclaves of high-graderocks  (granulite, 
anorthosite, and charnockite), intrusive granites and 
pegmatite veins. This Gneissic Complex represents a 
Precambrian segment of the Eastern Indian Shield 
(EIS), witnessed poly-phase tectonism and 
metamorphism over a period extending from early 
Proterozoic to late Proterozoic. Economic deposits 
include building stones, dimension stones, apatite 
mineralization etc. Purulia is a district town of West 
Bengal state, situated within Chotanagpur Gneissic 
Complex which is famous for its own rich cultural 
activities and is recognized in our country as well as 
other countries of the world. 


CHOTANAGPUR GNEISSIC COMPLEX » 
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Detached and folded amphibolite bands within charnockite exposed in Pabaiya hillock, Bankura District. 
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Lenticular bedding in Khondalite near Belma, Purulia District. Note the regular pattern of sandy lenses within argillaceous matrix. 
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North Singhbhum 
Mobile Belt (NSMB) 


urther south from CGC, North 

Singhbhum Mobile Belt is a 

prominent Proterozoic mobile 
belt, occuring in between CGC and 
Singhbhum Craton. The maximum 
part is covered by the Dalma Range. It 
is about 50 km wide and 200 km long 
with an average E-W trend and 
convexity towards north. It comprises 
of a thick volcano-sedimentary 
sequence of pelites, psammopelites, 
mafics-ultramafics and acid lavas. 
Two crustal-scale shear zones viz. 
Singhbhum Shear Zone (SSZ) and 
South Purulia Shear Zone (SPSZ) 
mark the southern contact of NSMB 
with Singhbhum Craton and northern 
contact of NSMB with CGC, 
respectively. This arcuate belt 
produces important economic 
mineralisation like base-metal, 
wolframite, apatite, gold etc. 
Importantly the area combines three 
adjacent states of the country, 
therefore the culture is also enriched 
by the mixing and mingling of differer 
association. 


Angular-hexagonal shaped pyroclasts, in and around Chilgo, West Bengal-Jharkhand border. 


NORTH SINGHBHUM 
MOBILE BELT 


(S1- Z) interference of folds present in Carbon phyllite intercalated with chert and ash beds exposed at 
Subarnarekha River Section near Largadih village, Purulia. 


Ash bed exposed near Malti, 
Purulia, West Bengal. 
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Quartz vein containing chalcopyrite, pyrite and graphite present within massive tuffaceous 
rock exposed near Taladih area, Purulia, West Bengal. 
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Kyanite bearing mica schist exposed at Sijadih village, Purulia, West Bengal. 
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Sundarban 


s the majestic Ganga and the Brahmaputra flow into the Bay of ei Bengal they create the 
largest delta in the world, the Bengal Delta. It has the most fertile : | : a) ll Mangrove occurrence 
in the globe. Known for its rich biodiversity, the region is the abode of a t eS the endangered Royal 


Bengal tiger, the national animal of India. The fertile land of the delta feeds mga 
providing fish, rice and other agricultural produce. In the context of Indian = 
Delta is rather juvenile, taking its form in the late Miocene times. The delta == situated at the junction 
of Indian, Eurasian and the Burma plate receives enormous load of ‘ sediment from the 
growing Himalayas. Since its formation in the late Miocene till today, the deltaic progradation changed from eastward to southward. In the recent times the Bengal Delta 
matured to typical tide dominated lobate form, the greater part of the erosional area falling on the Indian side. Time and again the region was ravaged by countless cyclone 
and flooding events but the region and its inhabitants faced the spite of nature with resilience and resolve. In the scientific world the Bengal Delta stands as the Mecca for 
the research of global climatic and sea level changes.Sundarban delta complex,the largest macro-tidal mangrove forest delta ecosystem in the world (140,000 hectares), 
spreads over the delta of the Ganges, Brahmaputra and Meghna rivers on the Bay of Bengal. It is declared as Biosphere Reserve under the 'Man and Biosphere 
Programme’ in 1989 and Natural World Heritage Site in 1997 by UNESCO. It is also a wet land of international importance and one of the important sites for estuarine and 
marsh ecological study. The entire Sundarbans of both India and Bangladesh part is bounded by Baleswar River in the East in Bangladesh and Hooghly River in the West 
India. The part of Sundarbans falling within Indian territory spreads over the two districts of North and South 24-Parganas in West Bengal. It isa group of 102 islands, 
covering an area of 9630 sq km. Most fascinating is that it is intersected by a complex network of tidal waterways, mudflats and small islands of salt-tolerant mangrove 
forests representing an excellent example of ongoing ecological processes. The area is well known for its wide range of fauna, including 260 bird species, the Royal Benga 
Tiger and other threatened species such as the estuarine crocodile and the Indian python. 


billions of countrymen 
geology the Bengal 


To explore the diversities and change in channel morphology of Sundarbans, Marine and Coastal Survey Division, Geological Survey of India has been involved in 
multidimensional survey in this region from last decade, Bathymetry survey along with sediment and water quality study in different creeks was observed during the period, 
Itis found that, Sundarban delta is mainly receiving fresh water towards east from Raimangal (mainly Ichhamati River) and west by Hooghly River. As a result of basin tilt, 
the central parts of the creeks are mainly saline due to fresh water cut off from the main trunk rivers. This causes major shift of less salinity tolerant mangrove (mainly 
Sundari) which is replaced by salt water mangroves. The variation in the ecology of the mangrove may also affect the habitats of the area. Increasing anthropogenic 
influences, including large-scale land reclamation destroys the mangrove forest. Tectonic activities, mainly basin subsidence and relative sea level rise have caused large 
areas to have undergone erosion as compared to accretion. The resultant loss of land due to erosion in last hundred years is approximately 300sq. Km against accretic 
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Exposed Mangrove root, Sundarban, West Bengal. 
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Channel accretion, Sundarban, West Bengal 605 


Erosion of the river bank; Sundarban, West Bengal 
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Submerged mangrove during high tide, Sundarban, West Bengal 


Channel accretion, Sundarban, West Bengal 
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Snake roots in mangrove, Sundarban, West Bengal 


Erosion of island, Gosaba, Sundarban, West Bengal 
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Channel accretion and development of new mangrove, Sundarban, West Bengal 


a f t- Tr ee es Sg PL ae eas rim, 
- ‘ tw j se "3 
Ny Ry er re a rltye 2 
Smee Ae EM (ati. S 
TAN OR ow ef ob ae. 

i a a Peat se igen SP 


/Estuarine\Crocodile’seenjintSundarban) | ~ : ye ae ~s 
ce: {99 Ss + ae “ey 4 


yar 

oe, Mae 
bts a, ae 
AS, aa i wig a 
ee ee 
SE RRA i, ea 


EST BENGAL: 
An Ultimate Destination for the Geoscientists 
alae 


Sona Ram Kisku 
Additional Director General & HOD, Eastern Region 


Manas Roychoudhury Director 


Debtanu Das Senior Geologist 
Debasis Sengupta Senior Geologist 
Avijit Mukherjee Senior Geologist 
Rabishankar Karmakar Senior Geologist 
Madhusmita Samal Geologist 
Namrata Singh Chauhan __ Geologist 
Mansi Jain Geologist 
Sachin Kumar Tripathi Geologist 
Saweeta Kumari Geologist 
Venkanna Banothu Geologist 
Amiya Kumar Huin Director 
Sandip Neogi Senior Geologist 
Debapriya Adhikary Senior Geologist 


ees 
Dtocour 


Sambuddha Mukherjee Geologist 
Anindita Chakraborty Assistant Geologist 


Mediiniioue 


Kamal Kumar Gangopadhyay Sencke é 
Deputy Director General, SU : WB & AN oe, 


The Director General 


Geological Survey of India , 27, Jawaharlal Nehru Road 
Kolkata- 700016. 


GEOLOGICAL SURVEY OF INDIA 
MAY 2018 


